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Abstract: Current neuroanatomical evidence showed the anatomical relationship between the tem-
poromandibular joint innervation with the vestibular system. However, there is no clear evidence
regarding if temporomandibular disorders are associated with balance impairments. Therefore, the
aims of this study were to assess the clinical relevance of stabilometric features in populations with
temporomandibular disorders and to analyze the influence of the mandibular position and visual
afference in the balance scores in both healthy and clinical populations. This observational study was
conducted in one sample of healthy controls and one sample with temporomandibular disorders.
Sociodemographic data (age, gender, height, weight, body mass index, and foot size), clinical data
(presence or absence of temporomandibular disorders) and stabilometric data under six different
conditions were collected. Sixty-nine subjects (43.5% male; 36.2% patients) were assessed. No differ-
ences between Temporomandibular disorders and healthy groups were found in any stabilometric
outcomes, unlike oscillation area with closed eyes and medium interscuspidal position (p < 0.01).
Although visual feedback showed to be relevant (p < 0.0001), mandibular position produced no
differences in any stabilometric measurement (p > 0.05). This study found that healthy subjects
and patients with temporomandibular disorders showed no balance differences in the stabilometric
outcomes assessed. Although visual input played an important role in the balance, mandibular
position seems to be irrelevant.
Keywords: temporomandibular disorders; postural balance; stabilometry; clinical practice; temporo-
mandibular joint
1. Introduction
Temporomandibular disorders (TMD) are one of the most common orofacial impair-
ment and the second musculoskeletal condition most prevalent (just after chronic low back
pain) involving high economic costs [1]. Although several signs have been described in
TMD populations including limited range of movement, adventitious sounds (e.g., clicking,
crepitus, grating, and popping) and signs of bruxism and craniofacial pain with articular
and/or myofascial etiology [2], current evidence is controversial regarding balance and
posture alterations [3,4].
Balance could be defined as the result of postural adjustments regulated by a com-
plex system of mechanisms involving several multisensory inputs (e.g., visual, vestibular,
auditive, and somatosensory) [5]. Although neuroanatomical evidence is available demon-
strating anatomical relationship between trigeminal neurons (receiving afferences from
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masticatory muscle receptors such as the neuromuscular spindle, Golgi tendon organs,
periodontal ligament receptors, and the TMJ free nerve endings) with the vestibular nuclei
and trigeminocerebellar links, the importance of these afferences still unclear [6,7]. In
fact, recent studies showed that induced changes in the dental occlusion had a positive
effect on the neuromuscular coordination and balance [8,9]. The stomatognathic system
(characterized by the maxilla and mandible, dental arches, soft tissues, temporomandibular
joint—TMJ, masticatory muscles, and orofacial nerves) is a functional unit that shows mus-
cular and ligamentous connections to the cervical region [5,10]. In fact, associated TMD
comorbidities including neck pain and headache [11] showed altered balance compared
with healthy populations since cervical spine have important connections to the vestibular
and visual systems [12,13]. Therefore, the trigeminal afferences to the vestibular system
could be regulated by the tonic motricity of the mandible muscles and infer on the fine
regulation of orthostatic posture [14].
Although potential associations between balance and temporomandibular joint (TMJ)
have been assessed in several studies [14–17], most of the studies were conducted in healthy
populations. Up to our knowledge, specific evidence regarding the clinical relevance of
different standing balance parameters in TMD populations is lacking.
Several clinical tests have been proposed to evaluate postural control, including the
Romberg test, the Timed Up and Go, the Berg Balance Score, the Tinetti Scale, the Functional
Reach Test, or the BESTest (Balance Evaluation Systems Test) [18]. However, since these
tests are based on qualitative and subjective aspects of the evaluation and the current
opinion of clinicians is to focus on those clinical instruments with acceptable utility (e.g.,
validity, reliability, specificity, and sensitivity) [19], alternative methods providing objective,
valid and reliable data are needed.
Stabilometry is an objective, reliable, and one of the most widely instrument used in
clinical practice for studying several balance features associated with functional disorders
of the vestibular system [20]. This device is sensitive to the forces applied by the subject to
the ground and, assessing the center of pressure and its trajectory, it provides information
about the postural response expressed as distances, locations, and velocities.
Therefore, the main objective of this study was to assess the clinical relevance of
stabilometric features (e.g., oscillation surface area, oscillation length in both lateral and an-
teroposterior axes, total oscillation length, comparison of length of movement and covered
area, relation between the gravity center speed movement and the average movement on
the anteroposterior axis, average of speed variation, and mean speed) in TMD populations.
As secondary objective, we aim to analyze the influence of different measurement proce-
dures (mandibular position and visual afference) in the balance scores in both healthy and
clinical populations.
2. Materials and Methods
2.1. Study Design
An observational study to assess the association between TMD and stabilometric
features including oscillation surface area, oscillation length in both lateral and antero-
posterior axes, total oscillation length, comparison of length of movement and covered
area, relation between the gravity center speed movement and the average movement
on the anteroposterior axis, average of speed variation, and mean speed. This study fol-
lowed the Strengthening the Reporting of Observational studies in Epidemiology (STROBE)
guidelines and checklist [21]. Furthermore, this study was conducted according to the
Declaration of Helsinki and approved by the Institutional Ethics Committee of Clinical
Research of Camilo José Cela University (UCJC 30-12-2019).
2.2. Participants
Two consecutive samples of patients with TMD and healthy participants were screened
for eligibility criteria by using local announcements from September 2020 to December
2020 from a private university located in Spain (Camilo José Cela University).
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To be eligible, participants had to be aged between 18 to 65 years (since the peak
TMD prevalence occurs in 45-to-64 years old subjects [4]). Exclusion criteria included
presence of neurological diseases, lack of dental pieces, prior oral surgery, being under
pharmacological or physiotherapy treatment 2 months prior to their participation, being
under orthodontic treatment; pregnancy, any underlying medical condition (e.g., trauma,
tumor, fractures, etc.), or any other condition affecting the balance or the vestibular system.
In addition to these criteria, specific criteria were applied for both healthy and TMD
populations. Participants were excluded from the healthy sample if they presented any
orofacial pain episode 6 months prior to their participation in the study. Participants were
included in the TMD population following the Axis I physical diagnosis from the new
Diagnostic Criteria for Temporomandibular Disorders (DC/TMD) [22] by one experienced
examiner and excluded if they presented orofacial pain non-related with TMD. Based on a
prior study conducted by Perinetti [6] assessing stabilometric outcomes under different
occlusal and visual conditions, this study required at least 26 subjects. Prior to their
participation in the study, all participants read and signed the written informed consent.
2.3. Assessments
Sociodemographic data included age, gender, height, weight, body mass index (BMI),
and foot size. The clinical assessment included: (a) presence or absence of TMD; and (b)
a stabilometric assessment under 6 different conditions combining the visual input (eyes
opened and closed) and the occlusal input (inoclussion, medium intercuspidation, and
maximum intercuspidation).
As recommended in a recent review conducted by Yamamoto et al. [23], we considered
consistent instruments settings, standing posture, position of the feet, recording time, and
environmental conditions for all the assessments. All the procedures were conducted in
the same room located in Camilo José Cela University (Madrid, Spain) by two experienced
raters blinded to the participant allocation (TMD or healthy) with a Fusyo stabilometric
platform (Medicapteurs trademark, Toulouse, France). This room was checked to be silent
(<40 dB) to avoid acoustic spatial orientation and a normal illumination (40 lx). The
recording time for each measurement was set to 60 s with 40 Hz frame rate. Final analyzed
scores were calculated as the mean average of 3 trials for all the 6 assessed conditions). Feet
position was set in a 30◦ angle with no heels contact. For recording stabilometric outcomes
with opened eyes, a circular visual target with 5 cm diameter was placed 1 m in front of
the subject eyes (Figure 1a).




Figure 1. Participants stabilometric assessment: (a) environmental conditions and (b) software used for measuring balance 
outcomes. 
2.4. Statistical Analysis 
All statistical analyses were performed using the Statistical Package for the Social 
Science (SPSS) Version 21 for Mac OS. First, a Kolmogorov—Smirnoff test was performed 
to verify the normal distribution of the sample (p > 0.05). Regarding the comparability of 
groups (by gender and healthy and TMD populations) for all the stabilometric parameters 
and sociodemographic characteristics, Student t-tests for independent samples were used. 
Regarding within- and between-healthy and TMD populations stabilometric differences 
with and without visual input, Student t-tests for independent samples were calculated. 
Finally, a one-way analysis of variance (ANOVA) test was used in order to investi-
gate the importance of the mandibular position input (inoclussion, medium intercuspida-
tion, and maximum intercuspidation) within both clinical and healthy populations. In 
case of significant differences, a Bonferroni post hoc analysis was carried out in order to 
investigate the specific differences between jaw postures within populations. The effect 
size was estimated using η2 when significant. An effect size of 0.01 was considered small, 
0.06 medium and 0.14 large. p values were assumed to be significant only if < 0.017 (Bon-
ferroni correction: 0.05/3) level [24]. 
3. Results 
From a total of 72 volunteers responding to the announcements, three were excluded 
because of vertigo non associated with TMD. Finally, 69 subjects (43.5% male and 36.2% 
TMD) were finally included in the analyses. Table 1 summarizes demographic data of the 
total sample, by gender and presence/absence of TMD. In general, males showed greater 
height, weight, BMI, and foot size. Thus, populations with TMD showed lower weight, 
BMI, and foot size scores compared with healthy controls. 
Table 1. Sociodemographic features of the total sample, by gender and health condition. 











Sample 69; 100 32.4 ± 8.8 1.72 ± 0.09 68.5 ± 14.0 22.8 ± 3.1 40.6 ± 3.1 
Gender 
Male 30; 43.5 33.4 ± 7.1 1.79 ± 0.06 * 80.6 ± 10.9 * 24.9 ± 2.5 * 43.5 ± 1.7 * 
Figure 1. Participants stabilometric assessment: (a) environmental conditions and (b) software used for measuring
balance outcomes.
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Stabilometric outcomes assessed included oscillation surface area (Surface), oscillation
length in both lateral (ML-Length) and anteroposterior (AP-Length) axes, total oscillation
length, comparison of length of movement and covered area (length as a function of the
surface or LFS), relation between the gravity center speed movement and the average
movement on the anteroposterior axis (Speed variation as a function of AP or SVFAP),
average of speed variation (ASV) and mean speed (Figure 1b).
2.4. Statistical Analysis
All statistical analyses were performed using the Statistical Package for the Social
Science (SPSS) Version 21 for Mac OS. First, a Kolmogorov—Smirnoff test was performed
to verify the normal distribution of the sample (p > 0.05). Regarding the comparability of
groups (by gender and healthy and TMD populations) for all the stabilometric parameters
and sociodemographic characteristics, Student t-tests for independent samples were used.
Regarding within- and between-healthy and TMD populations stabilometric differences
with and without visual input, Student t-tests for independent samples were calculated.
Finally, a one-way analysis of variance (ANOVA) test was used in order to investigate
the importance of the mandibular position input (inoclussion, medium intercuspidation,
and maximum intercuspidation) within both clinical and healthy populations. In case of
significant differences, a Bonferroni post hoc analysis was carried out in order to investigate
the specific differences between jaw postures within populations. The effect size was
estimated using η2 when significant. An effect size of 0.01 was considered small, 0.06
medium and 0.14 large. p values were assumed to be significant only if <0.017 (Bonferroni
correction: 0.05/3) level [24].
3. Results
From a total of 72 volunteers responding to the announcements, three were excluded
because of vertigo non associated with TMD. Finally, 69 subjects (43.5% male and 36.2%
TMD) were finally included in the analyses. Table 1 summarizes demographic data of the
total sample, by gender and presence/absence of TMD. In general, males showed greater
height, weight, BMI, and foot size. Thus, populations with TMD showed lower weight,
BMI, and foot size scores compared with healthy controls.














Sample 69; 100 32.4 ± 8.8 1.72 ± 0.09 68.5 ± 14.0 22.8 ± 3.1 40.6 ± 3.1
Gender
Male 30; 43.5 33.4 ± 7.1 1.79 ± 0.06 * 80.6 ± 10.9 * 24.9 ± 2.5 * 43.5 ± 1.7 *
Female 39; 56.6 31.7 ± 9.9 1.66 ± 0.06 57.2 ± 7.5 21.2 ± 2.6 38.4 ± 1.9
Cases and Controls
TMD 25; 36.2 29.8 ± 8.1 1.70 ± 0.08 63.0 ± 10.9 ** 21.6 ± 2.8 ** 39.7 ± 2.8 **
Articular 16; 23.2 29.3 ± 10.2 1.70 ± 0.10 60.5 ± 12.6 20.7 ± 2.6 39.6 ± 3.3
Muscular 9; 13.0 30.1 ± 7.0 1.70 ± 0.07 64.4 ± 10.0 22.1 ± 2.9 39.7 ± 2.6
Healthy 44; 63.8 33.9 ± 8.9 1.73 ± 0.09 71.6 ± 14.7 23.5 ± 3.1 41.1 ± 3.2
* Significant differences between males and females (p < 0.001); ** Significant differences between TMD and healthy subjects (p < 0.05).
Data regarding the importance of visual input in stabilometry for both TMD and
healthy populations are stated in Table 2. In both populations, an increased oscillation
surface, length and mean speed were found (all, p < 0.0001). In addition, the healthy
population decreased both AP-Length and SVFAP in closed-eyes measurements compared
with opened-eyes (both, p < 0.01). Finally, we found no differences between healthy and
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TMD populations in closed-eyes measurements in any stabilometric outcome (all, p > 0.05).
However, significant differences were found for oscillation surface (p < 0.01), AP-Length
(p < 0.01), SVFAP (p < 0.05), and ASV (p < 0.05).
Table 2. Importance of Visual input for stabilometric features in subjects with and without TMD.
Stabilometric
Outcomes TMD Population Healthy Population
Between-Groups
Differences
Eyes Open Eyes Closed Difference Eyes Open Eyes Closed Difference Eyes Open Eyes Closed
Oscillation
Surface (mm2) 100.4 ± 50.1 177.4 ± 215.3
77.0 ± 25.5 *
(26.5; 127.4) 128.2 ± 86.1 206.1 ± 118.3
77.9 ± 12.7 *
(52.8; 102.9)







294.5 ± 140.4 391.3 ± 159.7 96.8 ± 24.5 *(48.3; 145.3) 288.1 ± 130 389.9 ± 118.5







(mm) 4.08 ± 3.6 3.9 ± 3.9
−0.1 ± 0.6








(mm) 35.8 ± 11.2 33.8 ± 10.5
−1.9 ± 1.7
(−5.4; 1.5) 40.4 ± 13.6 36.3 ± 13.1
−4.1 ± 1.6 **
(−7.3; −0.9)











SVFAP 29.5 ± 9.2 27.0 ± 8.7 −2.4 ± 1.5(−5.3; 0.4) 33.2 ± 11.4 29.7 ± 12.0
−3.4 ± 1.4 **
(−6.3; −0.6)




ASV (mm/s) 41.1 ± 11.7 39.7 ± 10.7 −1.4 ± 1.8(−5.0; 2.1) 46.1 ± 14.8 43.0 ± 14.6
−3.1 ± 1.8
(−6.6; 0.4)





(mm/s) 9.3 ± 4.4 12.4 ± 5.1
3.0 ± 0.7 *
(1.5; 4.5) 9.1 ± 4.1 12.3 ± 3.8






Stabilometric scores: Mean ± SD; Within-Group and Between-Group Scores: Mean ± SD (95% CI); LFS: Length as a function of the surface;
SVFAP: Speed variation as a function of Y; ASV: Average of speed variation. * Significant differences (p < 0.001); ** Significant differences
(p < 0.01); *** Significant differences (p < 0.05).
Data from the TMD population in three different occlusal postures reported in Table 3
showed no differences between postures for the assessed variables (all, p > 0.05). Similarly,
no differences between mandibular positions were found in healthy subjects (all, p > 0.05)
as shown in Table 4.
Table 3. Importance of mandibular position in stabilometric features in subjects with TMD.
Stabilometric







Pos. A Pos. B Pos. C A vs. B A vs. C B vs. C
Oscillation























































































Stabilometric scores: Mean ± SD; Within-Group and Between-Group Scores: Mean ± SD (95% CI); LFS: Length as a function of the
surface; SVFAP: Speed variation as a function of AP; ASV: Average of speed variation; Pos A: Inoclussion; Pos B: Intercuspidation; Pos C:
Maximum Intercuspidation.
Finally, stabilometric differences between TMD and healthy populations for each
posture assessed are presented in Table 5. No differences were found between populations
for none of the assessed outcomes (p > 0.05), but medium intercuspidation with closed eyes
(p < 0.01).
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Table 4. Importance of mandibular position in stabilometric features in healthy subjects.
Stabilometric







Pos. A Pos. B Pos. C A vs. B A vs. C B vs. C
Oscillation
















































































Stabilometric scores: Mean ± SD; Within-Group and Between-Group Scores: Mean ± SD (95% CI); LFS: Length as a function of the
surface; SVFAP: Speed variation as a function of Y; ASV: Average of speed variation; Pos A: Inoclussion; Pos B: Intercuspidation; Pos C:
Maximum Intercuspidation.
Table 5. TMD and healthy subjects stabilometric differences.
Stabilometric
Outcomes Open Eyes Closed Eyes









































































































Between-Group Differences: Mean ± SD (95% CI); LFS: Length as a function of the surface; SVFAP: Speed variation as a function of AP;
ASV: Average of speed variation; Pos A: Inoclussion; Pos B: Intercuspidation; Pos C: Maximum Intercuspidation. * Significant differences
(p < 0.01)
4. Discussion
Although previous studies assessed the association between dental occlusion and
visual input with body balance and posture, up to our knowledge, this is the first study
analyzing multiple stabilometric features including two samples (healthy volunteers and
patients with TMD) under six different conditions for assessing within and between both
populations balance differences.
Our results suggested that (1) in general, there are no balance differences between
healthy and this TMD clinical populations; (2) mandibular position is not a relevant factor
affecting stabilometric balance scores; and (3) although visual afferences play a relevant
role in the balance in both populations, surprisingly healthy subjects showed increased
oscillation surface, AP-Length, SVFAP and ASV compared with TMD patients.
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The TMD sample analyzed in this study showed several sociodemographic character-
istics differences with the healthy sample. We found that healthy controls were heavier and
showed greater BMI compared with TMD subjects. These results are consistent with the
current literature since patients with TMD are more likely to present decreased BMI and
abdominal obesity compared with healthy controls [25]. However, it should be considered
that other studies found no association between weight nor BMI with TMD [4,26,27]. In ad-
dition, foot size differences were found between healthy and TMD populations. Although
foot size was included in the multivariable analysis, it should be considered that foot size
is negatively correlated with total oscillation length, LFS, and mean speed and positively
correlated with ASV and SVFAP and, therefore, affects the differences observed.
Regarding the clinical relevance of balance differences between patients with TMD
and healthy subjects, evidence is controversial. Since trigeminal proprioceptive afferences
to the vestibular systems are reported, it is suggested that stabilometry could be used for
finding relevant balance differences during the clinical practice or research [3]. Although
there is evidence supporting balance difference between myogenous TMD and healthy
populations (in particular, sway area and mean speed) [28], several evidence did not show
a clear association between TMD and postural instability [29,30]. In fact, a previous study
found greater sway index, ML-Length, and medial-lateral symmetry scores in healthy
populations [31]. Other study conducted in elderly subjects with and without TMD,
also found that the presence and severity of TMD, in addition to the presence of pain to
palpation of TMJ and masticatory and cervical muscles did not alter the variables related
to postural balance in this population [32]. Our results showed no differences between
healthy subjects and patients with TMD, but sway area with closed eyes. Therefore, based
on our results, we cannot confirm the clinical relevance of stabilometric balance assessment
to determine TMD.
We conducted this study assessing the balance under six different conditions. There
is an agreement between the lack of changes between mandibular positions (inoclussion,
medium intercuspidation, and maximum intercuspidation) and stabilometric outcomes
found in this study with prior evidence [3,6]. Manfredini et al. [3] reported in a critical
review that stabilometric devices failed to detect changes based on mandibular position and
dental occlusion. Thus, Perinetti found no differences between mandibular rest position
and dental intercuspidation measurements [6]. In addition, our results are consistent with
the literature regarding the visual input importance in balance [6].
Finally, although this study demonstrated that stabilometry showed a poor clinical
relevance, it should be considered that several factors could potentially compensate or
mask the trigeminal proprioceptive afferences from different types of afferences (e.g.,
auditive or visual conditions, sociodemographic characteristics, lower limb strength, or
somatosensitive afferences) since body balance is regulated by a complex system with a
high intrasubject variability.
Limitations
There are some limitations that should be recognized in this study. First, our sample
size estimation was based on a previous study which did not reported the sample size
calculation. Therefore, this sample and our results could not be representative. Second,
although we considered a large number of internal and external variables that could bias
the measurements, further studies should consider features which were not considered for
this study (e.g., homogeneous weight, BMI, and foot size) and other important covariates
in the maintenance of balance and postural control (e.g., lower limb strength and fat
mass/lean mass percentage).
5. Conclusions
This study found that healthy subjects and TMD patients showed no balance dif-
ferences assessed with stabilometry under six different conditions (Eyes: open/closed;
Mandibular position: inoclussion/medium intercuspidation/maximum intercuspidation)
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including oscillation surface, oscillation ML-axis, AP-axis and total length, length as a
function of the surface, the speed variation as a function of Y, the average of speed vari-
ation, and mean speed in none of the assessed postures, but sway area with closed eyes
and medium intercuspidation. Mandibular position showed no influence in stabilometric
scores. However, the lack of visual afferences involved greater surface, total oscillation
length, and mean speed in both populations.
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